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ent Progress of MAFFD. Habs, R. Kr�u
ken, M. Gro�, T. Faestermann, W. Assmann, L. Be
k, W. Carli, S. Emhofer,R. Gro�mann, P. Hartung, S. Heinz, P. J�uttner a, O. Kester, H.J. Maier, P. Maier-Komor, F. Nebel,M. Pasini, M. S
humann, J. Szerypo, P.G. Thirolf, F. Tralmer a, and E. Ze
ha ZWE Fors
hungsreaktor M�un
hen II, Gar
hingApril 15, 2003 has been an important date to the FRM-II and also to MAFF: The German federal ministry forenvironment gave its o.k. for the start-up of the new re-a
tor and on May 12, 2003 the �nal operating li
ense hasbeen granted to the FRM-II. Sin
e then the MAFF autho-rization pro
edure 
ould 
ommen
e oÆ
ially. Initiated bythe experien
es of the FRM-II, we are a
tually negotiatinga full-
ost quotation by the T�UV S�uddeuts
hland for the
omplete expertise.1. Preparatory workA rather pre
ise knowledge of the distribution of radioa
-tivity within the MAFF system is of utmost importan
e tothe layout of the system and to the spe
i�
ations that willbe applied. This question is 
losely linked to the eÆ
ien
yof the in-pile 
ryopanels. First theoreti
al studies takinginto a

ount the a
tual geometri
al 
onditions within thebeam tube indi
ate that the initially assumed suppressionfa
tor of 104 (based on va
uum 
ondu
tan
e ratios) mayeven be a 
onservative estimate.Additional work is, however, ne
essary to 
on�rm theseresults. Moreover, not only the fra
tion of a
tivity retainedby the 
ryopanels within the rea
tor beam tube is impor-tant, but also the distribution of the remaining a
tivityalong the beamline and in the va
uum system. The va
-uum system itself has been revised and seems now more
onsistent than before making full use of the advantages of
ryopumps, e. g. no open pumping lines during operation(
f. se
tion 2.2).

Fig. 1: The feedthrough-plug in the wall between neutron-guide halland neutron-guide tunnel.Progress has also been made in the design of the in-pileparts of MAFF. The new shielding plugs supporting the
ryopanels as well as the sour
e or lens trolley are mean-while in a stage of rather detailed design. The same is truefor the trolleys; the beam extra
tion system on the lenstrolley permits the ne
essary beam adjustments to 
orre
t

a transversal o�set between sour
e trolley and lens trolley(see 2.3).The feedthrough-plug in the wall between neutron-guidehall and neutron-guide tunnel has been installed on s
hed-ule as shown in �gure 1.2. Development of 
omponents and sub-systems2.1 CryopanelA 
onsiderable fra
tion of the radioa
tivity produ
ed inthe MAFF �ssion target will 
onsist of short-lived gaseousa
tivity, like krypton or xenon �ssion produ
ts or the halo-gens bromium and iodine. It is intended to prevent migra-tion and release of these volatile �ssion produ
ts by lo
al-izing them on a He-
ooled 
ryopanel until transformationinto non-volatile spe
ies by � de
ay. The required oper-ational temperature below 20 K results from the vapourpressures of the gases and vapours that have to be pumped.At this temperature the usual rest gas 
omponents (ex
epthydrogen) as well as the �ssion isotopes of Kr, Xe, Br, I willbe frozen at remaining vapour pressures in the UHV region(� 10�11 mbar). Su
h 
ryopanels will be installed in theMAFF beamtube at either side of the �ssion sour
e (SR6-aand SR6-b). Limited by the inner diameter of the beam-tube (250 mm) as well as by the MAFF �ssion sour
e re-quired to be moved inside the 
ryopanel, a 
ompa
t designhad to be developed. As an adequate solution a double-wall tube (gap width 4 mm) with 6 spiral-like separatedse
tions for in- and outlet of the 
old He gas was designed.The 
ryopanel length is 1 m, the inner diameter of theHe double-tube amounts to 157 mm, the minimum valueneeded still to be able to move the �ssion sour
e inside the
ryopanel. The wall thi
kness of 2 mm is a 
ompromise be-tween the safety regulations for a pressure vessel on the onehand and the minimization of the nu
lear heating due tothe neutron and 
 
ux. A passive 
oating heat shield willredu
e the thermal heat load form the surrounding warmbeam tube. Aluminum of the type 6061-T6 was 
hosen asmaterial for the 
ryopanel be
ause of its 
ryogeni
 spe
i�-
ations needed for the operation at an input temperatureof 10 K, while the output temperature will be about 20 K.In addition material spe
i�
ations and 
erti�
ates for theuse in a nu
lear rea
tor environment already exist for Al6061-T6.The 
ryopanels will additionally provide the ne
es-sary high-va
uum 
onditions 
lose to the �ssion sour
e.The pumping 
apa
ity of the 
ryopanels is dependingon the pressure and the gas type, amounting to about12.7 l s�1
m�2 for nitrogen and 5.9 l s�1
m�2 for xenon.The overall pumping 
apa
ity of the 
ryopanels on ea
hside of the beam line will amount to about 8 � 104 l s�1 fornitrogen and 4 � 104 l s�1 for xenon.In order to build up the te
hnologi
al knowledge for
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turing the 
ryopanel via 
ryogeni
 shrinking andto allow for performan
e tests, a prototype has been pro-du
ed by ACCEL (Bergis
h Gladba
h), whi
h is shown inFig. 2. It has been installed in the MAFF test beamline atthe MLL and has been 
oupled via a new Helium transferline to the Helium refrigerator, thus allowing to start anextensive test programme to 
hara
terize the performan
eof the 
ryopanel.

Fig. 2: Prototype of the MAFF 
ryopanel.2.2 Va
uum systemIn the Annual Report 2002 the new design of the va
uumsystem of the low energy MAFF beam tube was intro-du
ed. The new 
on
ept bases on refrigerator 
ryopumps(DN 160) for produ
ing and maintaining high va
uum. Asroughing pumps and for regeneration of the 
ryopumpsdry pumps are foreseen. Sin
e su
h 
ryopumps are usuallynot designed to withstand overpressure, they 
annot bedire
tly atta
hed to the MAFF rea
tor beam tube whi
his designed to withstand a maximum pressure of 6 bar in
ase of a severe failure s
enario. Therefore the 
ryopumpsmust be pressure-isolated from the rea
tor beam tube byfast 
losing gate valves and sho
k isolated by bellows-type
ompensators. The fast 
losing valves of the required sizehave a 
losing time of � 25 ms whi
h is too long to preventventing of the 
ryopump and do not withstand a di�eren-tial pressure of 6 bar. Therefore it was de
ided to make the
ryopumps part of the beam tube unit whi
h is designedto preserve its integrity in 
ase of failures. Therefore aspe
ial 
ryopump has been designed in 
ooperation withLEYBOLD VACUUM. The pump 
asing is reinfor
ed towithstand 6 bar, the safety valve for gas dis
harge and thefore-va
uum 
ange are not required and thus with the ex-
eption of the main port and the ele
tri
al feedthrough forthe temperature sensor the 
ryopump has no 
anges. Therequired fore-va
uum 
ange for regeneration is in
luded inthe modi�ed gate valve (DN 160) for the 
ryopump. Thistype of gate valve (VAT) is designed with a thi
ker wallfor the body and sti�er bellows to meet the requirementsfor an a

ident with overpressure up to 6 bar. In this typeof setup the bellows type sho
k absorbers are not requiredbe
ause the 
ryopumps with their gate valves are part ofthe system designed for integrity.Volatile �ssion produ
ts (Kr, Xe, Br and I) migrate inthe whole va
uum system. Most of them sti
k to the in-

pile 
ryopanel (T � 15 K), the rest is trapped in the
ryopumps. When the 
ryopanel is warmed up the por-tion of the volatile �ssion produ
ts whi
h have not trans-formed so far by �-de
ay into non volatile atoms are re-leased again and migrate in the high va
uum system untilthey are trapped in one of the a
tive 
ryopumps. Even thelongest living bromine isotope (83Br ; T1=2 = 2:4 h) de
ays
ompletely after one rea
tor 
y
le of 52 days. In 
ase ofiodine only 129I is problemati
 due to its long lifetime of> 107 a. Sin
e the iodine �ssion produ
t 
on
entration isvery low | no iodine atom will meet another one | the
hemi
al sorption will be perfe
t to any wall. Thus onlynoble gas �ssion produ
ts with longer half-lifes must betaken into 
onsideration. The longest living xenon isotope(133Xe ; T1=2 = 5:25 d) de
ays 
ompletely after a few re-a
tor 
y
les. Only the longest living Kr isotope (85Kr ;T1=2 = 10:76 a) largely remains in the se
ond stage of the
ryopump. With the assumption that about 0.235 g of the235U in the MAFF ion sour
e �ssions during one rea
tor
y
le and the isobari
 yield of 85Kr is 1.327% a 85Kr load of0.3 mbar�l would be stored in one 
ryopump. If we furtherassume that the pumping 
apa
ity for Kr is the same asthe measured one for He (whi
h is an underestimation) theMAFF ion sour
e 
ould be pumped by one 
ryopump formore than 300 years. Unfortunately, the MAFF ion sour
eemits CO synthesized by the dominant partial pressure ofH2O on its up to 2400 K hot graphite and 
arbide material.Fortunately the amount of CO seems to be of the same or-der of magnitude as the long living noble gas �ssion prod-u
ts. Therefore regeneration of the 
ryopumps will only berequired if some leakage arises due to malfun
tion. It is notlikely that during regeneration with a typi
al va
uum of 0.1mbar at maximum, aerosols with solid radioa
tive �ssionprodu
ts are formed. Nevertheless, we want to improve the�ltering of the exhaust gases whi
h �nally will be releasedinto the exhaust gas system of the rea
tor (KLA 70) afterpassing a me
hani
al �lter for grain sizes > 0:1�m withan eÆ
ien
y of 99.99%. For this purpose we will developa slow �lter whi
h gases 
an pass only by di�usion. Thegases released from the 
ryopump are transported by a dryroughing pump into a de
ay tank (Fig. 3), where they arestored for several rea
tor 
y
les. The de
ay tank with aninitial pressure < 1 mbar is �lled by several regeneration
y
les up to 300 mbar. For a subsequent regeneration of
ryopumps a se
ond de
ay tank 
an be �lled. In order toempty the �rst de
ay tank, it will be 
onne
ted to the se
-ondary tank via the slow di�usion �lter. The pressure inthe se
ondary tank is slightly lower (�p � 20� 50 mbar).Thus the pressure in both tanks equalizes via the slow dif-fusion �lter only during longer time periods. Turbulent
ow whi
h might 
reate aerosols is su
h suppressed andthe gas di�usion through the �lter is not for
ed, thus solidparti
les trapped in the �lter 
annot be set free to rea
hthe other side of the slow �lter. When pressure equilibriumis rea
hed, the valves between de
ay tank and slow �lterare 
losed and by means of the dry roughing pump therequired initial di�erential pressure between both tanks isprodu
ed again before the de
ay tank is further drainedvia the di�usion �lter. The gas of the se
ondary tank isthen exhausted by a dry va
uum pump via a me
hani
al
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y
les from the de
aytank to the se
ondary tank are repeated until the de
aytank is empty.

Fig. 3: De
ay tanks of the MAFF va
uum system with slow di�usion�lter.
2.3 Beam transportIn order to gain a better understanding of the design of thebeam transport devi
es from the ion sour
e to the beam
ooler, simulations with SIMION7 have been 
arried out.SIMION is using a numeri
al approa
h to solve the Lapla
eequation and is therefore an improvement of the previouslymade �rst order COSY 
al
ulations. For the SIMION sim-ulations the whole beam line from the ion sour
e up tothe 
ooler has been modelled. The transport of the 30keVbeam has been optimized with respe
t to transmission andemittan
e. Furthermore several 
ru
ial issues have beenaddressed for the �rst time.Of utmost importan
e was to study the e�e
t of atransversal o�set between the ion sour
e exit and the beamtransport entran
e hole. Sour
e and extra
tion ele
trodesare moved into the rea
tor tube on di�erent trollies fromboth tube ends. Although aligned by me
hani
al meansa worst 
ase o�set of up to 5 mm seems possible. Twotransversal de
e
tions are required to bend the beam ba
kon axis. The �rst de
e
tion is a
hieved by applying volt-age to a four fold segmented extra
tion ele
trode. Thisele
trode has a 15 mm diameter hole in order to guaranteemaximum transmittan
e even for large o�sets. Finally thebeam dire
tion is 
orre
ted by a se
ond steerer installedin the �rst quadrupole triplet. With appropriate steeringvoltages, almost no emittan
e growth is visible. The x andy emittan
es stay at about 12�mmmrad at the entran
eof the �rst ele
trostati
 de
e
tor.Due to its own weight the unsupported end of the beamtube is bending downwards by approximately 1.9 mm.This e�e
t 
an be 
orre
ted with the triplets steering 
a-pabilities.Con
lusively it 
an be stated that o�sets due to me-
hani
al imperfe
tions 
an be 
orre
ted with the availablesteering possibilities.
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Fig. 4: Emittan
e after the magnet: a) without shunts, b) withshunts.
In a se
ond step the beam line was extended up to the ion
ooler, adding a 31.5Æ ele
trostati
 de
e
tor, an 80Æ dipolemagnet and two other quadrupole triplets. One betweenthe magnet and a 60Æ ele
trostati
 de
e
tor, the se
ondone after the de
e
tor.Studying the emittan
e development throughout thevarious instan
es it be
ame apparent, that 31.5Æ is a 
ru
ialvalue for the �rst de
e
tion angle and that the beam pi
ksup a large distortion by passing through the ele
trostati
de
e
tor, whi
h results in a 
res
ent shaped sextupole ab-beration after the magnet as 
an be seen in �g. 4 a). In gen-eral this error 
ould be 
orre
ted by a sextupole lens or byadding a pair of shunts to the ele
trostati
 dipole, with theentran
e shunt being 
urved. The shunt solution resolvesin a signi�
ant redu
tion of the sextupole abberation as
an be seen in �g. 4 b). Further downstream, x emittan
egrows after the 60Æ de
e
tor to almost 50�mmmrad, eventhough the same sextupole 
orre
tion is applied. No ex-tensive studies of this in
rease have been 
arried out sin
e100% transmittan
e to the 
ooler 
an be maintained.Simulations done by Sophie Heinz show that the in-
reased emittan
e 
an be handled by the 
ooler.

2.4 A

eleratorFor the MAFF a

elerated radioa
tive ion beams fa
ility[1℄ a new layout has been proposed in order to ful�ll newexperimental requirements and spa
e availability [2℄. Themain feature added to the previous layout is the possibil-ity to install an external multi-harmoni
 bun
her upstreamthe RFQ, with a fundamental frequen
y of 12.66 MHz,whi
h allows a time separation between bun
hes of about80 ns.The �rst a

eleration stage 
onsists in an IH-RFQ oper-ating at 101.28 MHz frequen
y and at maximum duty 
y-
le of 10%. The MAFF IH-RFQ will a

elerate ions withA=q < 6:5 from 30 keV inje
tion energy up to 300 keV/u.Downstream the RFQ a 
leaning se
tion is also foreseen inorder to improve the beam quality espe
ially in the timedomain. The following a

eleration 
hain 
onsists in a101.28 MHz 2 m long IH DTL, whi
h boosts the energyup to 1.45 MeV/u and in four 202.56 MHz IH-DTLs wherethe energies in
rements are 3.0, 4.2, and 5.4 MeV/u, re-spe
tively. Finally there are two small 7-gap resonatorswhi
h are used to vary 
ontinuosly the energy between 3.6and 5.9 MeV/u. Fig. 5 shows the global layout of the ex-perimental fa
ility.
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Fig. 5: Layout of the experimental area.
Due to the very low voltages requirements (less than200 V), the multi-harmoni
s bun
her 
an be realized bymeans of a pair of 
ir
ular parallel plates where an ele
-tri
al tension is applied dire
tly for every single harmoni
.This kind of 
on�guration does not require any kind ofresonant stru
ture and 
an be made very easily. A studyanalysing the bun
hing eÆ
ien
y together with parti
letra
king has been done for the MAFF 
ase and results
an be found in [3℄. As a summary we in
lude here inFig. 6 a plot of the several bun
hing eÆ
ien
ies for di�er-ent numbers of harmoni
s, and also in Fig. 7 a plot of thelongitudinal phase spa
e of the beam 1 m downstream thebun
her itself.

Fig. 6: In this plot the eÆ
ien
ies are 
al
ulated as the per
entageof beam en
losed in a �� = ��d after some distan
e d

Fig. 7: Longitudinal phase spa
e portrait of the beam ready for in-je
tion into the RFQ.In Fig. 7 the energy spread is the required one to pro-du
e a fo
us 1 m after the bun
her. In order to allow agood 
apture inside the RFQ, this energy spread has to beredu
ed and hen
e the length in between has in
reased to3.5 m (as shown in Fig. 5).As for the RFQ a new beam dynami
s has been de-termined. A new set of ma
hine parameters is listed inTable 1.
Frequen
y f 101.28 MHzVoltage 70 kVLength 2810 mmr0 parameter 4 mmminimum aperture 2.9 mmTable 1: Beam Dynami
s parameters

The RFQ dynami
s was optimized in order to get ashigh transmission as possible in the double 
on�gurationof pre-bun
her on/o�. In all 
ases the transmission hasbeen simulated higher than 99% and the beam was alwaystransported through the end of the RFQ. This is very im-portant in 
ase of a very intense beam be
ause we 
anlo
alize all the residual losses in the following 
leaning se
-tion thus redu
ing the maintena
e risks due to a
tivation.Simulation of the ele
tromagneti
 properties of the res-onator has been performed with MWS [4℄ and an optimizedgeometry has been proposed in [5℄. The 
al
ulation per-formed with the 
ode MWS has shown signi�
ant di�eren
esin the shunt impedan
e and in the power dissipation withrespe
t to the results obtained with MAFIA. The di�eren
esare due to the di�erent meshing pro
edure for a givenboundary 
ondition and the a

ura
y of the results de-pends signi�
antly on the simulation te
hnique [6℄. In or-der to test the 
al
ulations with MWS we have built a shortmodel in aluminum shown in Fig. 8 to 
he
k the resonantfrequen
y, to test the bead pull measurements and to ver-ify the frequen
y tuning range. As for the measurementof the resonan
e frequen
y we have an estimated error of< 0:5%.
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tri
al properties
al
ulated for the real RFQ.
Q-value 7932Shunt Impedan
e Rp 196 k
mFlatness of the ref voltage < 1:5%Verti
al dipole 
omponent � < 1:5%Power on the ele
trodes 12.1%Power on the stems 36.8 %Table 2: RF parameters and power distribution of the IH-RFQ

As for the real resonator, progress has been done in theme
hani
al 
onstru
tion. The whole 
avity will be splittedinto 5 identi
al 
entral modules ea
h 400 mm long and 2end modules 430 mm long. These modules will be madefrom bulk 
opper 
ylinders. Parti
ular 
are has been ded-i
ated to redu
e the number of brazing pro
edures andhen
e the 
ost of the 
avity itself. A request for o�er hasbeen sent out and three �rms have been indi
ated as 
a-pable to 
onstru
t the resonator.

Fig. 8: Aluminum model of the resonant 
avity.
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